
the  short r-(~ ~rder tB) a fimtZon Of t ~ p e m a t u ~ e .  

In IB B ~ ~ D Q Z O ~ O U B  aa~rPea a f  00mpound8 ~ ~ i o u ~  

pbpicsal pxopgrtiee ef a e  nsmtie phase Prltertas~te 

M the ~ ~ f s A e s  is eracteafieb boawe of difirarewserr 

la tk% ~onfl@uraUoa of the etrnd &aial I f  the aolsaulsr 

have talky1 and grOUp8 Jibe SSmS G-O bond in f h ~  %ma 

ocuabtb~s of Zhs series ma&ear9 an the av~,rag@, a h r ~ s  

angle with the long mie the aalcoub (iigwc* 1.1 ) 

rs8uelBg Ohe rttolemlru: rarmbotropy. ('SU ir etzlotlp 

%mm far all-trww aozifornmtion o f  the @ad cahah~.) 

On the o$br baait, in U3u did  amber8 the t i a d  04~gm31Zlf 

Iu nearly parallel t o  t b  long ax18 on the avera&a, 

thus ezrbwf the mlbotrr)py o f  #a uiolacrulft. X t  

i e r  we31 bown that the maaUo-;tsotropicr tra9tf  on 



Fiaura, 3.1 

Cherical strdcturer of 502, 6L%, 7CD end OCB with 
the end cnains in an all-trans o o n f i y u r ~ t i o n .  



points ( T ~ ~ )  and the oorrssponding entropy chnngas 

alternate between even and odd members of the series. 

Thie As ooopmoztly zeferred t o  a8 odd-even effcct 

(acre far example, Barrall and Johnson 15.74 * The 

early RMt studiee of Lippman and Webor ( 1 4 5 7 )  on 

4.4'-n-dialkoxyasoxybemenea clearly 1MPoated an 

altrrnatloa la the values of order paremeter at 

Sr * 
!t?aia result ha8 beam confirzaetl by a more reocant 

study (Tlnerr st s. 15?5), A d e t a i l e d  e ta t i e t i ed  thewo- 

bynaxula treatment of the effect of @&-chain aonfurma- 

t ions  on the properties of the mnaatf o phaae h a  baten 

given by MaruelJa (1S74). In particular, he hr~e 

oalculate6 the slf ernation of TBI, A and S. If t h e  

aean f i e l d  theory i e  v a l i d ,  en alternation in kii (=G2) 

should d r o  be obaerted. 

It-cay studieo on raoms nemtf cs have revealed 
in 

the grerenoe of posdt land short rrrrzgc order mourn of 
i 

raoleculerr d t h  the wolscular centras in ca& group 

o r r q e t d  in layers.  ICkra~ca group6 are oallei? cybot;aetio 

groups. The cybatactlc aetmatfos nre  aub-divided into 

two group6 (Be Vriea 1S73) (a) nosmal cybotuatfo 

nenatio wherdn eaoh group hae amactic A type of 

srdcsriag, (b) skew oyboterctic nezatic in which the 

ordering Pn each group ia smcctic C typo. !$hen 

~ y b o t u o t i e  group% are preeant in the medium, the 



vorlatdon of elastiu oomtante with tmgerature m a y  

t o  a h r g e  extent depend on the uhawee! in the 

aybotaotio group& 

The only systemtic rstudy of eleretie aonat~lnts 

in a homologour eerie8 t o  have been oarried out  

previously 18 that due t o  Ortaler ( 1973) on 4.4'-di-n- 

allaxyaroxybs~eaes. He meeaured only the eplay and 

bend aomtaatm md obaened that both k,, and k33 

exhlblt the odd-even effuct near TN1. Horeover the 

(where V l a  the molar voluwa) i s r  temperuture dependent 

f o r  all amnibera of the ~ e r i e s ,  eroept Gll of the f i r a t  

two. Further, the ratio k5t/k,l .is temperat- 

JepeMant POP el1 the mabere. He oorrectly attributsd 

fhf  a t o  the bu l ld ing  up of the poaitii>n& s h o r t  range 

order in tlw m m t i ~  phase ruo the length of end ohain 

Pa imcuiheed. The f i f t h  mabar f o r  whioh the  oybo- 

i;uatko group begin to form, uhowrs an mamalourt 

dccreaeu and then an fncroasa in the rct io  k33/kll as 

the tmpsrafure i o  deoreaeed. In 4.4'-di-(n-heptyloxy) 

osobenxcidne which ahows eolootic C at  lower temperatuoe 

he found midems f o r  the divergence of k33.'k11 a' fhs 



rsmeo tic-naenotia tsta~~itf on- i~ approached. Ckreuag and 

Xepcr (1 9?3 j observed a pretranaltionul incrcaoe in 

bend con8 tant o f  p-butoxybenzylid ane-p '-p-&te thy1 

butyl a i i L i n e  which exhibite  first order smeatPo A- 

nematic tmnf l t i on  os T,* i s  approaohed. In the 

presence of meotlc C type of rohort range order all 

the e l ~ s t i o  conertmts are expected t o  &ow pretrsnsitioxral 

lncreusee, ~ i n o e  the oorreapondiq tleformatf one tend t o  

alter the Zejer ttlioknersa (Order leJ73). In the yrarssnoe 

of amactia k type of ahort range order only bone3 and 

t w i t a t  beoonc d f f f i cukt ,  so that only these two oonstante 

diverge. be a h d l  dlaauaa t h l a  aapsot in d e t a l  in 

Chapter V. 

tie hzve undsrtr3ren a otudy of the elaetlct 

oonastmts of two hoaologous series whioh exhibit 

narmal cybotaetic groups i . e . ,  smsotio A type of short 

range cssder. 

In t h i s  Chapter we s h d Z  diccuss  the results 

of our moaowemont~ on a1 the  elaarstio oonctwte and 

arder pesmetara of four merubere of 4'-n-&kyl-4- 

ayernobipheayls ( f igwe 3.1 ) . 
Order parrs~etsr ckwa denaiQ 

, We have oalculated the tmperature vmlatlon 

of the  rslatfos ~ r d e r  parmetes and density on the 



bnsia of opt ical  meaauremcnto. The p r i n c i p a l  

rofrustfve indiaee of a l l  the com~oun88 were deter- 

mined by the prism mothod (pel let  &ad Uhnteicdn I55J.  

Xcndhueudom ef al. 1171). 61rzoe the order paralaatel: 

and donulty meaeurements are not the  aoin thone of 

t h i u  t h e s d ~ ,  we have given a l l  the? sxperinentd 

de ccils a d  derivaatione of relevisrit equuti o n ~ i  i n  

kppcndix XI. Ye a h d l  preuent on:y tho exyerinentnl 

data in t h i e  Chapter. The or!:recslrme used f o r  S and 

7 are (see squatlorn 7 an3 8 of Appendix Xi) 

1 where IS = (20, + a,, ) if t h e  average ~ o l s r i z u t j i l i t y  
J 

- 

1 2  2 of the nolecule, Aa = a,, - or, , n = -(2no 3 + n,) 
PI i i s  the molcculer wsdght and ti iti the i1!9pg~adrs number. 

Expcrirnenteg 

In Chaptar X I  we have a l r e a d y  de6crLbod. the 

method of meacsurine; the t w i s t  comttl3t. >or band 

aormtant maotarcsruentc, tha swie oven was uued. Tn 

thfa ease, hawevor, the li@t be= wao LLXcatmb t o  



fall normally on a meotropfcdgl al igned maple .  

The ample holder ie erhown in Pi&we 3.2a. 

For ths homcsotropic a l i m e n t  of tho smple, 

~ u r f a c t W t 8  were wed.  In moat of the o a e e ,  the 

olean glaee plater were d l p ~ s d  in a di lute  aqueous 

eolution of a oleaninqg went, o i z . ,  Teepol (ED1 ladfa 

Ltd.)(2 drope in 2 m l  of water) and Brie3 so that a 

thin uniform layer of it  ier depositced on the glass 

glotea. In sona oasee, the glaoe platos,  after cleaMag 

were dipped in a tlilute solution of oetyl trfmethyl 

ammonium bromide ( C T W )  in ahXcrrofor~1 (-- 111 mgm in 2 a). 
The glem glatee were men rubbad oirmlarl$ by filter 

pagor so that a thin UYiifora layer aP CTIJIAB i~ foraod 

on the platee. 

The sample wae viewed through ar low power d o = -  

eoope between oro68e8 polarisesa set  at 45* to the 

mgnet;io f i e l d  dbeotion. Aa the d@formntion occura 

in the ample the dark f i e l d  of view becomse bright .  

The magnetlo field at  which the f i e l d  of view becornerr 

just bright l a  the er i t fcd  f i e l d  aorrespom?fq$ t o  the 

Prsedcrickae traneition. 

For the splay elastic oomtmt detcmlmtfen, 

the length of the men bad t o  be reduaed becrause, in 

th ie  eses, the magnetic field nota  along the axis of 



3.2 

Sample holder8 uaeu t o  atudy (a) kg3 and (b) kl,. 



the eyl5Mrieal oven. The sehematfo d i  arm of the 

expcsinc.r,ttil eet  up i c  shown i n  figure! 3.9. The 

lsrrg~th sf the oven i~ pd 5 cm, Yet, t h i s  l e ~ t h  i t 3  

brae ooingared t o  the thiaknece ( -- 25-50 (la) of the 

sample. The front ~ilverec? eirror MI enables the 

collimated l inearly polariacd light f r o m  a eoddum 

vapour lamp t o  f d l  on the eample normally. The 

emergent If ght which 18 ~ ~ f L c c t $ d  by a slrnilur mirror 

&2 , game& throwh a quarter wave plat0 Q anti ~;WI 

andyser a d  18 ob~erved through an eye-pleoe E of 

a low power micrslscope. Tho & o l e  se t  up i@ mounted 

on o bnva ijrovided with ~ I d e  &crews S1 and S p  and 

l eve l l in& aacreva L,, L2 and I ss before. The smyle 3 
holder 2 9  ahown in Pigwe 5.2b. 

Initk&Xy Lhs palaxdeer mi61 is kept at 4 5 O  %o 
4 

n . Then CJ a o  well ne A irro adjusted t o  get  s dark 

field of view. Sinue the light l o  rafleated by front 

alurnfuiaed mirrore, the eaargent light, even in the 

&mima of the smpls, f e m l i g h t l y  elllptio (actual 

analysis of t h e  l ight  refleeted by two mirrors show 

that  Light has an azimuth of -- 2* and e l l i p t i c i t y  -- O. 1).  

For t h i ~  reaeon, a t  diiforant twperaturerr, both Q and 

A are t~ be a d J w t o d  f o  get  a dask f i e l d  of view. 

R Rarnoganeoufaly &zli&ned swnple Se obtained by 



Di agrm showing the ~ e t  up t o  study k1 . £!oatex with 
the base is placed between tho pole pieoesN and S of 
the electrwoagnet: . - h w  Girec t i on  of propagation of' 
the li@t beam (atart in& from tiiou;.De C )  l e  r;hmm by 



rubbing flm glass pXates prior t o  t h e  $nlroduct;ion 

of t h e  aaap3e. Ilowevsr, in eome cases we have used 

the feohnipue o f  vacuum depoaf t i o n  of ai l ioon at an 

obllqw angle on the glass plate. (Janning 1572). 

w o n  a al, (1579) found that the alignment induood 

'bar the film depend8 OD the angle o f  deposition. l o r  

angler  betwem 4 5 t  arsd No, the moleoulcs al1e;n parallel  

t o  the glaes pla t so  in a direotion perpendicular t o  

the projeotion on the plate,  cjf the dimation of 

V ~ ~ O U I F  Bspoal t ion ,  

Ar explaimd in Uhupter XX for  a criticral 

f i e l d  t o  exlist, the magnertia f i e l d  auet be exactly 

normal t o  the undietorted director. '&en this adjuot- 

meat l r  made, as the f i e l d  i a  iaorsnsed beyond a 

oritleal value, a nwber of inversion walls are seen. 

A typicral. example i a  given 5n figure 5.4. 

Other r e g e o i ; ~  of the caxparinantal proaadure 

are rrlmilar t o  those Qoeosibed In Chapter 11. 

Haterialg 

We have nade tneaeussments on the fafth, e ixth,  

aeveath and elahth horaologw 8 of 4 t  -n-alkyl-4-oymo- 

biphenyl eeries, Thsas were prepared first by Gray 

e t  sZ. (1373). ?hey are exoei;tionally rrtablo, oolourl@asa -- 



Inversion walls seen as th2magnetj.c f i e ld  3.8 
increaeed beyond H, when n i s  exactly normal 
to  3. The sample i s  7CB. The sample thickness 
i s  - 25 pm and H - 1.2 H,. The photograph was 
taken 30 aecs. after the magnetic f i e ld  was 
switched on. 



weeogens whish poesesQ large posit ive dfelectsSc 

aniuotxopy &ad exhib i t  mceophaee at row tmpcrature. 

For thoat? seaaone, thretae oompounds a m  aomrnonly uered 

F o r  t w i n t e d  nemittlO type of dir~plrny d e v 9 0 ~ ~ .  

The uompound~, uesd %or o u r  experimetnts, wars 

preperred in our chemiotry laboratory, adoptiw brayt@ 

proosduro (&ray & a. 1 C74). The transition t e n p r  

rratuselj a& hea'tb of nemaP;ia i~1utropf~ t r w a i t f o n b  a8 

given fn table 3.1. 

Reeu3.t~ and c&sulctions 

From Chapter Z, we have tho equation 

($1 - 1 ~ n a t i o  auooept&bIlity; If A X  i r ~  tha 

Waotropy of the aagntltia au~ceg l2bi l i tgr  of a (r;m 

rnoleaule of the aubntance 

Ao lbciorat osauming that  the tiniaotropy of 

surscepti2)ilfty if; essentially deternine4 b$ the aromatic 

part of. the xio1e~u10,  A& constant for Ei31 eembere 



of the esries. The measurements on biphenyl 6;dve 

As: 118.6 JK loo6 o.g.8. ul l i t s  (Lonst ide 1'. 37).  

A~ousclnf; thirt v d u e  for all conpourdo, we h v c  cclou- 

Lated the values of AX,, for thcue compoundo. ?he 

valuce are given in gable 3 .2 .  

refractive indfoob st var ious tecpe~alures for tire 

An 2oCle 3.3, They are p l o t t e d  in f igure  '3.5. The 

valutze fron Ind@yetndent rrroaotire~;cnles on c?if fcsest 

(111) &ll8ity t We have moasured the dens4,Ly 

of 7C33 and 5CB a t  room tenperaturo (25@C) bg the a p ~ u i f i c  

gravity b o t t l e  method (see Appendix 11). ilciq. the 

equatiun (3.1) z7- and hgm .)c-a be o&cuia&ed f o r  

di f ferent  wavelengths. TO o b t d r .  zhe ~ i l l s c s  cf ZGCB 
.07~3 -2-sm) and zBCB we have added the value (--2- 

0 

'50~ and "/CB respootlvely. 1~8 a cross check we 

calculated YGCB at 25.C from the value of ZGC3. 

(Pole thle purpot~e we norlplallsed %"%e valuer;; cf 

(n2 - r 0 g - n ) fog  7 5461 A and A6320 t o  that for A5893 A 

at the loweet temperature st which measurements were 

made. A t  a l l  other temperatarera, t h e  r~orrwliced 

84 



The refraotive indlcea of 5CB c9e funatiom of temperature. 
The circles, d triangle6 o and aquarea are  the vQuee f o r  

h 5461 A, 3 5893 A and 6328 respaotively. Open and 
f i l l e d  symbola represent values from independent measurements. 
(This holds good for a l l  the diagrams unless stated otherwise.) 



The refr*iotfve Pndiossl of &a f c n c t i o n ~  of teapsroture. 
The c;ircle~,  trian&lrs and oqwres sre the vdlwa for 
A5461 1, X 5849 k -8 16328 reepactircly. 



The refractive indicea of 7W ae func t ions  of temperature. 
The circles, triangles and squares are the valuea for 
)\5461 i, h 5893 and A6328 1 respeotively. 



The refractive indioea of 8aB as iunotions of temperature. 
The clrclae, triangles and squares are the values f o r  

7,5461 f ,  5893 i and ?I 6328 f respectively. 



rdwr l o r  dAfiarraat w a v @ l q t b  agree quf tre weU. 

The re- o i  n o r n u r d  2-1 2 i~ w.4 t o  

this proaedure y p r 8 s  wedX with that  zmosurad by a 

copillmy methad (#ee Appentifr XI). 'Ph. r a m s  o i  

d e ~ i t f  d aV@gq. p ~ k ~ A % Z b b l l & t ~  t m~ 

t apasa twe  u b e  b r a  tnlsed obaerped An several 

on %if?lsren% #a~agl&o w e  &&wen segerrafdy. The 

teapara-a raxistiorr UP Bewify i u  p b t f e d  &a 

(Ir) Ozder. parime-t man hs* b s a  a reoent 

Be+eff~rPa;ra$$ora o f  $ in uasSalpl baas &clapol*ax&sa9ion 

aemurewnt8 (8agscr 1975). The relative vrrilurra o f  8 

a z a ~  [ (n: - a:>/(Z - I [me quat ion  (3 .3 )~  q r e a  

quite w e l l .  Par exmple with = 4 A5893 i. 
the order paraa+Dar oalaulateb tzrosl opt lad  miaeotrogpg 

mmur~nren%s w e e  with f b ~  r~portcrrd $ valwe .(;o Be.t;.t;sr 



Density derived from the opt ioa l  measurements as a function 
of the  re lat ive  temperature for 5CIB-8CB. %he values obtained 
f o r  different samples are marked separately. Each s yobolt- 
r e ~ r e a e n t s  a value averaged over the caloulat iona far three 



then $1: tbcoughout the nmatio rpnge. U s i n g  

vduon fmsr deneZty data, A aTg caa be craleu3.is~f ed. 

rPha iw~eeaent An A a on g o h g  Xmra oatb amber of %he 

rserlas t o  the  next hfgbex sltrs, i s  sr8tlfsSafsd by =iW 

bond motwnts and =urglos of 0H2 group. 2%. U e t a l b  

ars  gSva in Append$% 21. Here we ~OCIWW) that the 

and ~ h a d a  hae an all-trae oonforzrratton. Al.B;huu@ 

thie a e w f ~ t i o n  Ic sot vezy &to6 In a s  mtmtla 

phoea, the: uncertaintt in 8 2. b a a  than 1# (a.g., an 

incre~ant a2 +0,26 befw@m an even f o  tbe mat hlghor 

odd raeder of f h e  oieriee while Aa 30)* 'Eho 

estimated rauee oi na and VAU are given in 

'SlabTe 3,G. Zhhe w11aolrr4s Wwerr of 8 at rwiouas t a p e -  

r a t w e &  em tben be oalmlstd. The f mperaturs 

varlatioa of 8 Its 6S;fva in Table 3.7. Tha $3 valuers f r o m  

15461 i a* x 63243 i am n t w ~ ~ ~ e t i  t o  tho* iraa 

A5883 i at the l a e s t  taapmture at whtoh the 

~i+sn;eswwaenta wersr rsmade. Ths v&ws reare plotted in 

fiqpure '9.7. The &at& fPw d $ f  iermt; rprsnspXea m a  

Laten-t~ or t m  

~ E I W   UP@^ the (31ffdB~%.ISfib&r 80~~llZl.b$ C&%.O~~M 

tho Xa.fsnt heatra 03: t~;smsPtAam. "Ithe 4etrJXa ~ E B  @yen 

3a AppendPr X I .  3P)re waa%ico-i~so*ropf e tram$ tlicsn latent 



The order parameter as n fmc t l o n  of otha rc l~t ive~temperature  
for 5CB-BCB. The values for  h 5461 A and )\ 6328 A have boon 
nomalfoed with that f o r  258$3 A at the lowest teaperataxre. 
The averaging has been doca QB in figuse 3.6. 



h e e t ~  arc6 given in table 3.1. 

U@iw the V ~ W B  of A x  8 8Zd 7 give0 

above fhe aba~lute  valursrs of eletrratia eoarstmtret have 

be en calmlate%. 

Tablea 5.8, 3.9 and 3.70 efve the splay, Z w i i s t  

and bend oonstants at dif iersnt  tenprafures. Me have 

least  square fitted the cla~tdc constant valuess t o  t h e  

equation 

except for kg? and kJ3 of 8CB which diverge &TAN i(l 

~pprobohed. Bcwcttsr the k3J values cf 7CB and k I 1  of 

8CB do not fit vary well t o  thls equation. 3@n09 in 

those t w o  oaoes the curve@ In the f l ~ u r s ~  axe n o t  the 

and k are plotted in figures 3.6, 3.4 an& 5.10 33 
reerpectively. Ths crurves except  in tho&@ crams mentioned 

above Indictate the vrprlatione according t o  equation (3.2). 

Before we dfscur~e our r e ~ u l t a ,  It l a  worthwhile 

eummarladng aome of fhe oiignificttnt rt48ulS;e from reoent 

X- r a y  diffractl on a#ran~waents (~errdbotter & a. 1575) 

on 5CB and 7CB in nt3lmatAu as wall ars ioatro2ic phmers. 



Variation of the splay elastic constant, k l l  at3 a function 
of the relative temperature for 5CB-ODB. 



1 .  Figure 3 .9  

Variation of  the t w i s t  elastic oonstant .  kZ2 as a funct ion 
o f  the relative temperature f o r  5B-8CB. 



Figure 3.10 

Variation of the  bend e l z s t i c  conotant kJ3 as a func t ion  of 
the r e l a t i ve  temperature f o r  5CB-BCB. 



I t  wam found that the integrated intemlty 04 

equator ia l  (YE) rrsfbactione and t l la ir  width in the 

equatorial plane shange little with  tmpersture , 
even when the w p l e  wae %&a t o  the i ~ o t r o p l o  

phtnee. 9hf a A~~pXies that the l a f  eral o r d s r i x  o f  

the  msrobaulso remine uaobongeb. Proa the width of 

1E refleco%ioae i t  wale estimated %hat the lateral 

correlation l s z g t h  (L,) i s  9 tlmea tha mean near 

nei&bour distaxlcra in t h i ~  direction.  

Both 7CB and 5CB akow stranl~, buL di f fuse  

rneridional (IM) rlsflectk om which are temperature 

s ~ m i t l v ~ ,  A 8  the teaparataro Is dooreused, the pecnk 

dntenrsity laarcraassio while 1 % ~  w i d t h  Becrea@@@. Thia 

show8 thisrt th+ 1oag;ituUnul order incraneev with the 

dacrre~srr in t6mpaareture which a l e o  ffiews that the  

mohoular and shains becolas at i f fer .  1E reflect ion 

of 5CB is & l i g h t l y  w a d e r  than that of 7CB. %he pedc 

wid tha Indioate that  the  l o ~ i t u d f n a l  o a r r ~ l a t i o n  

lcllgths (Ld) I s  4-5 times the d r q g  @pacing. Another 

i m p o r t a t  r e s ~ l t  ior that  t3s Eragg spacina is about 

1.4 %$me9 the aaalsoular lewth.  This aue;g@sts strong 

anb;ipariklT,eP ordering of the aclizculcs (figins 3.11) 

oonflming an i d e a  that wae first put forward By 

Ksdhtteudanra and Chandrasekfirsr (11 73). X-rqy diffraotion 

data on BSB in smectlc phase (Crag ollll Lydon 1574) p l ~  



Sohemalio d iagram of 01uggeeted Z o c d  s'txvctrure f n 
5CB (arid 7CB) r e ~ u l t i  in a repeat distance along =T the texture arb of -, * 4  rmsleoular lengths with 
bfgh3.y mobile a l k y l  cbaias and a tendeno t o  l o a d  

J e  d~ P b y ~ .  01-37, 1.75.) 
i layer lornotion. (Rsgroduosd from Leadbe ter $J g&. 



give8 a Lrrycr thicknees 1.4 t i n e r  the molecuhr 

lawth. So far no om appear8 %a b v s  obta2ne8 %ha 

X-ray data sn 6GS am3 Bd% %a the nemtic am3 I8otropla 

phaeor, . 

Uca now ooriaider OW ril~mltb. BOZ* the &$b 

of congodoon, we have plotted the values of TI;z and 

the c ; ~ Y ~ Q B ; J o ~ P ~ ~ E &  2aL~t1t heatl3i ia f f ~ ~ ~  3.12. 111 

fhr: Power $art of t ide figure the elsnatlc oowt&nts  arid 

the order pzcnmotoril at TRz-T 2% wo p l a t t e d  as 

fwtctiori8of the number of o ~ & o n  atoz& in the end a h i n *  

%'ma the Ff curt  we mkks the f o l l o w i q  obererva~tione~ 

even e i l u o t *  Amon& the olaet ic  conatnnto o n l y  kj3 

the first tlisseet xnecbers but Lnorsaees on g05W f z ) 5 ~  

7CB t o  &CD. A H ,  k,, and kZ2 have tho trend as 

S .  isas stba.3.J. dieourso f h s ~ e  t m M a  i n  d a t d l  at  s later 

The wt lues  of C and x (oqn.(3.2)) for differrent 

oorxrpou~ltSts ant? e l a s t f ~  aorstant;e are given in ZabZe 3.71. 

Ta all the cuaae both C an4 x ehow the  &it-even eifeat. 

The index x is p o a t e s t  f o r  kYJ and least for kE2. 

i ; ~  h o e  caloul&tcd the ratios cf @3,~sLIu 

oom tar:$s $UP' v w i  OUQ re1t~tlve %rnp(~ratu~e .  %hey are 



is obeyed, the ratiors should be independent of 

taapcruturti, The t a l e  shows t h c t  t h i s  5s noti the 

Ue w i l l  now disouaer our result5 b e p i  ry; Pn mlnd 

ths I-ray diffraution data, %8 w i l l  first conef dcr 

not follor the m a n  f i e l d  r c z a l t  (kii oc c2) In any 

of' the oonpounda. The index x is ~ . W P Q P  ~ j e a t ~ r  %ban 

isharpe s am3 narrower merf di o m1 rcZi cc tf ones. irrom 

?;he nature af bend d c f o r r ~ t i o c s  f f f ~ - a e  1.2) one c m  

ttlc E?e.?nG coahitatt stli~o Incr~usca .  (:a f ~ a t  tile hard 

rod m2el  would lcud to this r o s ~ i t  {3n?8t4i;,tr Ic32, 

a Zwnnzlg I t Q j ) .  Cruler (1575) has ~ l n o  a r r ive6  n+ 

e.~rnb>~tr r e o ~ f  t i l~~i~ r;n a r ~ ~ m e n t  based QZL nutin f i c l 4  

i r rPicatc9 hr the mean f f . ; l Z  "Lhesry. f'urt!ter, .odd- 
L. 

even e f f a c t  ic boS3 C and x ,  rz8&?xt 3~2.2 &chat the 

cybotuctis  Croups are s t ronge r  in the odd menbsre, 



Bowever wr, have no X-ray data  avdlabls  for 6CB ts 

eheok thia point. 2he inaroaoe in both C and x 

between 5- and 7CB oan be understood in t a m  of 

*he larger opbotactic groups in tho latter ( - 150 

molooulee) oompared t o  tbc former ( - 100 molecules). 

(b) The splay oollatant exhibits 6 bohaviour close 

t o  the m~l l  f i e l d  trend* The d e v i a t i o n  of r from 2 

o m  ag&ta be underetood in terns of the nature of the 

doforaation (figure 1.2). The claetio oom tmt ~ h o u l d  

~rlightly inoraaalpe with the  effective length of the 

aolaou9e a. 

(e) The t w i t a t  eonstant hae the, raam 2ieTd type 

of vasiation in 5CB and ?a. IIowcver x l a  lowar than 

2 in t h e  oase of 6C.fb and aaoreovcsr C fs much amallcrr 

than tborse in SC13 and 7CL Apart f r o m  po in t i ag  out  

that the cybotaotia ordcr In t h i s  aonpoun8 ie l i k e l y  

to  be muoh leas than in other o w e s ,  we do not  offer 

any expfamt;ion f o r  t h i a  lowerine of x in 6 B I  

138 w i l l  now oompare %ha ratios of t h e  olastio 

cowtantie i i a  these three oompoundts (Table 3.12). In 

aplfa the cronaiderably di f ferent  vd.uers of  C an4 x, 

oorrsspondiw t o  8iXfererxt e lmt ic  comtants i n  m ~ L v e n  

croffipou~ m we11 aa the sans claot lc  C O I E " ; ~ ~ ~  of 

diffextbnt oompounrls, f t i a  rwarkable that the ratios 

of e h ~ t L o  aomt~intta turn out t o  be praotically tihe 



a w e  for alJ. the oases at the s m e  rslcstive tcrmpe- 

a t  ( 2  - . It means that even thou& the 

actual 'rstrsngfhv o f  t h e  cybotractia order irr 

different in the  thsea corppounds, the group8 grow in 

a rather aimllar faehion in a l l  the three oaeea, a6 

the t;emperafure is Xowaretd. The rapid  f raorearece in 

lr35/kz2 ma4 a maewhat alower incroaac of kYt/k1, 

as well a8 thr slow increase of kll/kZ2 OWI be u n d e r  

@to& in fern6 o f  the strengthening of %he aybotaotio 

order in the l ~ w t ~ d i n s t i  Biruction aa %he t~perature 

i a  l e w ~ f e d  and the acztare of the three clscfamatf one 

We shall now 4iscues the elastfo ctonrrtlrnte of 

8CB mew !PBX ( f igun  5.12). (The bchavlour n s a ~  

w i l l  be dea l t  with in detail In Chapter V.) Wa 

hare already pointed out that and TIPI for t h i s  

ccmpound are lowar than thoc~e of 33,. 4. e. , the odd- 

even ef'feet extends t o  8CB for theae prop~lrt;le8. A01 

pointed out earlier, kf3 may be partiaularly aansit lvs  

t o  the diapaeit ion of the end g r o ~ p  in view of the 

nafura of the deforaasrtlon Imluosil. Tha fnrrrcraaa in 

3, kl, an4 k2* from 7CB t o  BCB can be undcretood if we 

aciPtsume thab %he lateral correlation length of the 

oybotactio group inoreaaes in 8eD oompared t o  that 

in 708 close t o  It l o  interaetiag t o  note that 



Phe ncmatic-isot ropic tranrition points  ( x) , the hea 
of trrnaition ( 0  ) the o r d e r  parmeters ( X ), 8 la 
slabtic ~~mitants 1 0 1, twict e k s t i c  conatants f o 5 
and the bend elastic coastnntn i ) of 5CB-8a as 
f inat ions  of the number of c ~ r b c n  otoma in the end 
chain. The parametare in the lower aeot i  un of the 
diagraa  are thoee at TNI - 92 2'0. 



the dear.me in k5> .nB inoreme in in 8 QI 

, 4 3  close t o  SEX. ( T h i s  o3n a l s o  be seen 

frsa table 3.92 where the ratfofs of e P w f i ~  aonctmta 

are ehown.) 'Phis result c;lgy@a.ro t o  Be @it@ wuau&lm 

both t;M trcurprversre axid Po~&LbdAlanb corgck~t%cra 

Isq$hs ( !,a tII ) *thZ~h w 1 1 1  l ~ ~ i d  80 the 

divorgcnoc of Lg2 and kj @loas t o  gAB. iiarovor 

ae lo t o  b. erpsotad i n  such crwss, kit bahaves in 

the  nomat m m r  &o thnt k33 becoroce Grcatar than 

k l  l nt - P m 4*5*0. 
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Tramition temperaturee and latent heat8 of transition 
of 4 -n-alkyl-4-0yanoblphenyle (am) 

2rmsl t ion  tezperntures (oC) Latent heats 
..-.-- -..----.------ of 

Cryc tal-ncmntlo sneotio- nemutia- tmmit ion 
or 

oryetal-amactio nematic ieotropSo %I 
----I__- 

c a v m  

Table 3.2 

Anisotropy of dlamrrgnetio s u o c e p t f b i l i t y  in nC3 







5 1 432 3' 33, 2 52.86 32-65 
6CB 1,012 34. SS 34.63 34.38 
?a 1.010~ 36a35 36 443 36.13 
BCB 0,995 %*SS 50.17 57.@3 

(at 350G) 

'PR.I" 7 5 4 6 1 f  7 5 8 9 ~ f  X 6 j 2 8 f  Mean 
O C  
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Table 3.9: Splay elastic constant of nCB 
--- - ---a- k l l  x 10 x 10 6 

T ~ ~ - T  ( * l 1  )cal 
OC Xgawsa dyne 

I(L..cL 

a ~ m  



.,..--- 
kl ,x106 x 1Q 

6- 
T ~ ~ - Y  Ho ('3 1)cel 

OC Kgnuse dyne dyne 
I , - - -  ILr- 





Table 3.9 oontinued 

Tg~-T k2p1 o6 (k22)cd  x $Or 
OC Kgaul~sr dyne dyne 

-.I__--"--"- 



Table 3.9 oontinued 

( i v )  8CB 



7 - 
O C  Kgauaie dyne dyne 



"0 4ymcr 
l- ro- 

d ~ -  -- 



Table 3.10 sontinued 



Table 3.10 continued 



Table 3.11: The exgerimntcil v;iluos f i t t ed  t o  
the equation irii a 03 




